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Introduction
The U.S. Army Corps of Engineers (COE) operates the Willamette Project (Project) located in western Oregon, including a series of dams, revetments, and hatcheries. The primary purpose of the Project is flood control, but it also is operated to provide hydroelectricity, irrigation water, navigation, instream flows for wildlife, and recreation. The Project includes 13 dams, about 68 km of revetments, and several fish hatcheries. Cougar Dam and several others are located on tributaries of the Willamette River. The National Oceanic and Atmospheric Administration (2008) that passes water to a flow regulating outlet (RO) and the powerhouse penstock. The reservoir is used primarily for flood control; therefore, the forebay elevation is maintained at high levels during summer months and low levels during winter months. A maximum conservation pool elevation of 1,690 ft National Geodetic Vertical Datum of 1929 (NGVD 29) typically is reached in May, and a minimum flood-control pool elevation of 1,532 ft NGVD 29 is usually reached in December. All water passing the powerhouse enters the temperature control tower and passes either through the RO intake, at elevation 1,478 ft NGVD 29, or the penstock to the turbines, at elevation 1,420 ft NGVD 29. The temperature control tower allows the use of water from various depths in the forebay to provide water temperatures suitable for salmon in areas downstream of the dam. A fish ladder and trapping facility completed in 2011 collects adult salmon in the tailrace for transportation upstream and provides a means of upstream passage of adult salmon. At the time of this report there was no passage route designed for downstream passage of juvenile salmon.
The 2008 Willamette Biological Opinion requires improvements to operations and structures to reduce impacts on Upper Willamette River (UWR) Chinook salmon (Oncorhynchus tshawytscha) and UWR steelhead (Onchorhynchus mykiss) (National Oceanic and Atmospheric Administration, 2008) . The Opinion includes a requirement to install fish passage facilities (or operational alternatives) at Cougar Dam by 2014, if studies show that installation is feasible. There is little or no information about when and where juvenile Chinook salmon are in various areas of the reservoir and forebay, and, therefore, little information to inform decisions about suitable downstream passage solutions.
The study summarized in this report was designed to quantify juvenile Chinook salmon behavior in the reservoir and near the temperature control tower to help understand their spatial and temporal movements in those areas. Juvenile Chinook salmon, implanted with acoustic transmitters with an expected life of 91 d, were the basis for inference. The study is designed to collect data from fish released in March, April, and May 2011, and again in September, October, and November 2011. This report is a summary of the data collected from fish tagged during March, April, and May 2011 for use by fishery managers and others requiring interim results for planning purposes.
The study was designed to address four objectives: 1. To determine the spatial and temporal distribution of juvenile Chinook salmon in the Cougar Dam forebay near the temperature control tower; 2. To determine the spatial and temporal movements of juvenile Chinook salmon throughout the reservoir; 3. To determine if juvenile Chinook salmon of hatchery origin can be used as surrogates for naturally produced juvenile Chinook salmon; 3
Methods
Fish Capture, Handling, Tagging, and Release
The data described in this report were collected from yearling juvenile Chinook salmon tagged with acoustic transmitters and passive integrated transponder (PIT) tags. The tagged fish included those of hatchery and wild origins. Hatchery-origin fish were obtained from the McKenzie River Hatchery in Leaburg, Oregon, and wild origin fish were collected from within Cougar Reservoir.
Approximately 650 hatchery fish were sorted by size at McKenzie River Hatchery and placed into one-half of a full-length raceway in February 2011 to meet a minimum fork length requirement of 95 mm per regional agreement (Surgical Protocols Steering Committee, 2011) . The raceway was supplied with flowing river water. On 1 or 2 d every other week in March, April, and May, fish were netted from the raceway and placed into a 264-L transport tank and taken to the tagging site at the Cougar Dam adult fish facility, where they were held between 17.3 and 25.5 h prior to tagging. The recommendations of the Surgical Protocols Steering Committee (2011) were followed in all aspects of the fish holding, tagging, and releasing procedures.
Wild fish were captured using a Lampara seine and an Oneida Lake trap. The Lampara seine was 91.4 m long and fished to a depth of approximately 7.6 m. The Lampara seine was fished by deploying the net from a boat, encircling an area, and then hauling the net back onto the boat deck. The Oneida Lake trap net, operated by the Oregon Department of Fish and Wildlife, is a passive capture method, and was constructed from 0.64-cm mesh and consisted of a 2.4-m 3 holding box, with a 3.4-m × 3.0-m lead net, and two 7.2-m × 3.0-m wings. The net generally is set near the shore, and anchored to stabilize it from wind and wave action. All fish collected were held in an aerated container supplied with fresh reservoir water, and then transported to the Cougar Dam adult fish facility and treated in the same manner as the hatchery fish.
Transmitter implantation and fish recovery were completed near the Cougar Dam adult fish facility. Fish were considered suitable for tagging if they were free of major injuries, had no external signs of gas-bubble trauma or fungus, were less than or equal to 20 percent descaled, and were not previously tagged with acoustic or PIT tags. To implant the transmitter, fish were anesthetized using buffered tricane methanesulfonate (Argent Chemical Laboratories, Redmond, Washington) at a concentration of 75-80 mg/L. Fish weight and length were measured immediately prior to the surgery. The acoustic transmitters were 12 mm high × 5.21 mm wide × 3.77 mm deep, had a mass of 0.43 g in air and 0.29 g in water, and a had a volume of 0.14 mL. Expected transmitter life at the nominal pulserate interval of 17 s was 91 d. A 23-mm-long PIT tag weighing 0.10 g was placed inside the body cavity along with the acoustic transmitter. All weighing, measuring, and containment equipment were treated with a 0.25 mL/L concentration of Stress Coat ® (Aquarium Pharmaceuticals, Inc., Chalfont, Pennsylvania) to reduce handling-related stress to the fish through electrolyte loss. Fish were placed in a 19 L perforated recovery bucket filled with 7 L of river water immediately after surgery. Dissolved oxygen concentrations were maintained between 80 and 100 percent of saturation during recovery. Each recovery bucket held up to three fish. Fish were watched periodically during the first 10 min after surgery to ensure they recovered from anesthesia. Recovery buckets were then fitted with lids and placed in a raceway provided with flowing river water, where fish were held for 19.1-25.2 h prior to release. The recovery buckets were floated in the raceway using rubber inner tubes around the top to allow fish access to air to adjust their buoyancy. 4 Tagged fish were released near the head of Cougar Reservoir. After the recovery period, fish were taken by boat upstream through Cougar Reservoir to the release site about halfway between the two shorelines near the Slide Creek boat ramp ( fig. 1 ). Recovery buckets were removed from the raceway, inspected for mortalities, and transferred to an insulated, 1,556-L plastic tank. Two tanks were mounted on a flatbed trailer with lids to limit water spillage during transport. Each tank was filled with river water and the fish were driven about 11.4 km to the boat ramp. Recovery buckets were then transferred to a boat and taken upstream approximately 7.0 river kilometers to the release site. Waterquality measurements were recorded to assess the water temperature difference between the recovery bucket and the reservoir; tempering was performed when the difference was greater than 2°C (Surgical Protocols Steering Committee, 2011) . Fish were released by partially submerging the buckets in the reservoir and gently tipping them over so the fish could swim out. 
Vertical Water Reservoir Temperature Profile
Water temperature profiles were measured periodically near the log boom at the boat restrictedzone line and near the fish-release site. Measurements were recorded on seven dates from April 6 to August 4, 2011, near the boat restricted-zone line, and on five dates from May 5 to August 4, 2011, near the release site. Measurements were recorded by slowly lowering (about 0.5 m/s) a continuously recording bathythermograph (Model OS 200, Ocean Sensors, Inc. © , San Diego, California) from the reservoir surface to the bottom. Reservoir depths were recorded in feet, following local convention. Water temperatures also are recorded hourly by the COE at approximately 2-m intervals using an automated series of thermistors located at the southeastern corner of the temperature control tower.
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Acoustic Telemetry Detection Systems
Signals from acoustic transmitters were detected using two types of Juvenile Salmon Acoustic Telemetry System hydrophone systems provided by the COE. Acoustic signals from tagged fish in the reservoir, from about the log boom at the boat-restricted zone upstream to the head of the reservoir, were detected using autonomous hydrophones spaced across the reservoir's width at six locations ( fig.  1 ). These hydrophones operate independently and record the presence of a transmitter when it is within range. We empirically determined that in the eastern arm of the reservoir, 82 percent of the expected number of transmissions were detected at a range of 105 m, and 10 percent were detected at a range of 180 m. Based on these data, the hydrophones were spaced about 100 m from shorelines and 200 m from each other at a depth of no more than about 33 mm from the water surface along lines across the reservoir (hereafter called "arrays"). Hydrophone depths were readjusted during biweekly visits to change batteries and download data. Several hydrophones were moored at depths greater than 33 m from the water surface during March 2011. Hydrophones were deployed with steel anchors and float lines until April 2011, when deployment was changed to acoustic release mechanisms using methods similar to those described by Titzler and others (2010) , except that we used burlap bags of sand as anchors. The entire suite of 16 autonomous hydrophones was operational beginning on March 10, 2011.
Acoustic signals from tagged fish near the temperature control tower were detected using three 4-hydrophone systems linked to one another using a common clock. Each of these systems included four hydrophones connected with cables to a common computer. Each computer received its system time from a global positioning system. A similar cabled hydrophone system is described by Weiland and others (2009) . The use of a common time for all hydrophones allows estimation of fish position based on time of signal arrival if hydrophone locations and the speed of sound in the study area are known. The study was designed to use a laser-based system of estimating hydrophone positions, but purchasing delays required the use of a global positioning system-based method, which was installed on April 21, 2011, at 4 p.m.
The cabled hydrophone systems were installed on the temperature control tower at several elevations and from floating platforms (figs. 2 and 3). The hydrophones at the lowest two elevations were installed beginning in January and became operational on March 17, 2011, after cables to connect the hydrophones to the computers were delivered per COE contract. The remaining cabled hydrophones became operational as the water elevation increased to the planned installation elevation (for hydrophones affixed to the tower), or as equipment became available (for hydrophones deployed from floating platforms). The eight hydrophones nearest the tower were all operational by April 5, 2011, and the entire system of cabled hydrophones was operational on April 21, 2011. Data prior to the installation of the hydrophone positioning system (April 21, 2011) is suitable for analyses based on presence or absence of tagged fish, but cannot be used for estimating fish positions. The range of the cabled hydrophone systems was assumed to be similar to that of the autonomous hydrophones. This assumption seems reasonable because each transmitter message typically was detected by nearly all hydrophones, which were spaced about 80 m apart. 
Data Management and Analysis
Removing False-Positive Records
Data from the hydrophones were processed to remove false-positive records prior to analysis. False-positive records are those that indicate detection of a transmitter when the transmitter was not present, and are common in active telemetry systems. Procedures developed by the Pacific Northwest National Laboratory (Mark Weiland, written commun., June 17, 2010) were used to remove falsepositive records. The steps include removing records from tag codes not released, records suspected of being from reflections of valid tag signals (multipath), and records that are not close to a multiple of the tag pulse interval. Records from the cabled hydrophone system also were required to be present on more than one hydrophone in order to be retained.
A transmitter-life study was conducted to determine how long data from tagged fish could be collected. The tag-life test was conducted using 50 tags in a holding pond at the adult fish facility at Cougar Dam beginning on May 20, 2011. Inasmuch as the results in this report were estimated prior to the completion of the tag-life study, we used the expected tag life specified by the manufacturer, which was 91 d, as the follow-up time when estimating the proportion of tagged fish that passed the dam. 8 A series of zones were defined to enable analysis of fish movements. Zones were bounded by arrays in the reservoir, or by concentric rings specific distances from the temperature control tower (figs. 1, 3, and 4). General fish movements between arrays over time were plotted as an example of the raw data used in subsequent analyses. Analyses of fish presence (probability of presence at each array and over all arrays between release and the temperature control tower) and movement probabilities (Markov movement probabilities) were based on detections of fish at the arrays. The zones near the temperature control tower were bounded at 10-m intervals from the zone nearest to the tower, which was within 4 m of the tower. These data were used in regressions described in the section Dam Passage and Movements within the Reservoir. 
Dam Passage and Movements within the Reservoir
Descriptions of fish behavior and an analysis of factors affecting dam passage were based on several time periods. Fish behavior was described during the period of reservoir filling and after it was full, based on differences in dam operations during these periods. The analysis of factors affecting dam passage was divided into two periods: (1) the period of three-dimensional fish position data available beginning April 21, 2011, at 4 p.m., and (2) the week-long discharge test period beginning slightly before that time. The analysis of dam passage during the discharge test period in April was based on an 88-hour period prior to the test, the 176-hour test period from April 15, 2011, at 6 a.m. to April 21, 2011, at 2 p.m., and an 88-hour period following the test for a total time period of April 11, 2011, at 2 p.m. to April 26, 2011, at 6 a.m.. 9 Dam passage was determined using presence data from the cabled hydrophones nearest the temperature control tower. The date and time of dam passage were assigned if the first detection of the last transmitter message was at any of the four hydrophones located on the temperature control tower that were closest to the water surface. This method was chosen to limit passage assignments to fish last detected in the area generally between the water surface and the top of the weir gates, and was consistent with histories of tagged fish known to have passed the dam based on PIT-tag detections downstream. Fish last detected within the cabled hydrophone system less than 93 h prior to the analysis cutoff of 12 p.m. on August 3, 2011, were not assigned passage, because that period of time was shorter than the longest time between last detection of other fish at the cabled hydrophone system and detection elsewhere in the reservoir.
Analyses of the timing and rates of dam passage for fish in the zones described in figure 4 were conducted using time-to-event methods (Hosmer and Lemeshow, 1999; Castro-Santos and Haro, 2003) . These methods are ideally suited to analysis of data based on the timing of events, such as travel times, and the rates of event occurrences, such as the guidance, attraction, and passage of fish (Castro-Santos and Haro, 2010) .
The time elapsed from fish release to two event types was described using Kaplan-Meier survivorship functions. The events are (1) detection by the cabled hydrophones mounted to the temperature control tower and the two hydrophones mounted on barges directly adjacent to the tower, and (2) dam passage. The survivorship function of a variable T is defined as:
where T is a random variable with a probability distribution, denoting an event time for an individual. If the event of interest is passing a dam, the survivorship function gives the probability of not passing the dam after time t. As such, the median time occurs when the survivorship function equals 0.5. In the absence of censoring, the survivorship function represents the proportion of the population that has not experienced an event (for example, passing the dam). Examining the survivorship function can be useful to describe the timing of events as well as the proportion of the population still at risk of the event at different points in time. Fish that had not experienced an event by the longest-known transmitter life were right censored at that time.
Cox proportional-hazards regression was used to determine the potential effects of dam discharge and diurnal period on the rates of dam passage. In Cox proportional-hazards regression the rates of events are expressed as a hazard function defined as:
representing the instantaneous risk, or rate, of an event occurring at time t. Equation 2 describes a conditional rate: It is the probability of the event occurring in a limited time interval, conditional on the event having not occurred yet, divided by the length of the interval (which makes it a rate, not a probability) (Allison, 1995) . Results are expressed in terms of a hazard ratio that describes the change in the rate of interest for each unit increase in an independent variable. For continuous variables, the hazard rate is interpreted by subtracting 1 from the hazard ratio and multiplying the remainder by 100 percent. For dichotomous variables, the hazard ratio is interpreted directly. For example, a hazard ratio of 1.15 from a continuous covariate indicates that the rate of the event increases 15 percent for each unit increase in the covariate, and a hazard rate of 0.75 indicates a decrease of 25 percent per unit increase in the covariate. A hazard ratio of 2.00 for a dichotomous covariate (for example, day = 0, night = 1) indicates that the rate of the event is twice the value at the higher value relative to the lower value (in this example, at night compared to during the day). Hazards are independent of the size of the population. The counting-process-style data input was used to divide the data into diel period (day or night) and to increment other time-varying covariates by hour (Hosmer and Lemeshow, 1999) . The time interval was reset each time an individual entered a new zone or passed the dam. Censor variables of 0 (no event), 1 (downstream movement or dam passage), 2 (upstream movement), or 4 (end of expected tag life) were used in a competing risks analysis focusing on dam passage.
Probability of Presence near the Temperature Control Tower
The probability that a fish was present at each array or at the temperature control tower at least once after release was estimated. The purpose of this analysis was to determine if fish near the head of the reservoir would be available for capture by a juvenile fish collection facility if one were present. This analysis does not indicate if fish that were not detected at an array or near the tower were alive or dead, only that they were never detected in the area of interest. The data were based on the presence or absence of fish detected at the arrays throughout the reservoir or at the cabled hydrophone systems near the tower, which together detect fish within about 200 m of the tower.
The probability of being present near the temperature control tower at least once was estimated using Cormack-Jolly-Seber mark-recapture methods (Cormack, 1964; Jolly, 1965; Seber, 1965) using Program MARK (White and Burnham, 1999) . This method primarily is used to estimate survival and recapture probabilities in mark-recapture studies, but in this case, we used it to estimate presence and recapture probabilities. Detection of a tagged animal is the joint probability of presence and being detected when present, so these parameters must be estimated separately. We constructed a priori models of presence and recapture probabilities based on differences between hatchery and wild fish and among arrays. In this analysis, the "recapture probability" at an array is the probability of being detected at that array at least once. Overdispersion in the data was estimated using the median c-hat procedure in Program MARK. Models describing different hypotheses about processes driving presence or detection probabilities were evaluated using the Akaike Information Criterion with an adjustment for effects of sample size and overdispersion (QAICc). Burnham and Anderson (2002) suggest that when QAICc values differ by less than 2 units, the support for one hypothesis over another is not meaningfully different based on the data and models considered. They also suggest that QAICc differences of 4-7 indicate considerably less support for the model with the greater QAICc, and differences greater than 10 indicate essentially no support for the model with the greater QAICc. The probability of being present at the temperature control tower at least once was estimated as the product of array-specific presence probabilities, with the standard error estimated using the delta method (Seber, 1982) . The probability of presence was estimated from model-averaged coefficients. A total of four models of recapture probabilities and five models of presence probabilities were considered based on various combinations of fish origin (hatchery or wild) and array.
Movement Probabilities within the Reservoir
The probabilities of upstream and downstream movements at each array were estimated to determine if there were net upstream or downstream movements of fish and if the movements in the reservoir depended on past movements. Transition (movement) probabilities can be used to stochastically predict or simulate future fish movements (Johnson and others, 2004) . A Markov-chain analysis was used to determine if movements between reservoir arrays followed a one-step process, by which movement from one array to an adjacent array is not dependent on its previous location (a firstorder Markov process; Bhat and Miller, 2002) . We estimated the probability of a fish moving from one array to the next as either a first-order, or one-step process (not dependent on previous location) or second order, or two-step process (dependent on previous location), and assessed support of the hypotheses by the data using the Akaike Information Criterion (Burnham and Anderson, 2002) .
Results
Fish Capture, Handling, Tagging, and Release
A total of 415 hatchery fish and 29 wild fish were tagged and released from March 9, 2011, to May 20, 2011. The number of wild-origin fish collected was low with both gear types. Between March 7 and May 17, we deployed the Lampara seine 147 sets, and collected 21 wild yearling Chinook salmon. The Oneida Lake trap net was fished on 26 d and collected 22 wild yearling Chinook salmon we could use. The average size of tagged hatchery and wild fish was similar. The average fork lengths were 121.4 mm (range 98-152 mm) for hatchery fish and 120.6 mm (range 99-150 mm) for wild fish (table 1; note that one wild fish with a fork length of 215 mm was omitted from the size summary). The sizes of the wild fish from the two collection methods also were similar (table 2). The tag weight to body weight ratio based on the 0.53 g weight of the acoustic transmitter plus the PIT tag ranged from 1.6 to 6.0 percent with an average of 3.0 percent.
No hatchery fish died between collection and release, but 10 of the 43 wild fish collected (23 percent) died prior to release. One fish captured in the Lampara seine was released prior to tagging, and seven fish from the Oneida Lake trap were not tagged; three were rejected based on condition and released alive, and four died before surgery. There was a 5.0 percent (1 of 20) post-tagging mortality rate of fish collected in the Lampara seine and a 33.3 percent (5 of 15) post-tagging mortality rate of fish collected in the Oneida Lake trap.
Many of the wild fish were infected by a parasitic copepod. A total of 31 of the 41 wild fish examined had copepods present either on the gills (76 percent), at the insertion of the pectoral or pelvic fins, or a combination of these locations. One copepod was found on a hatchery fish (1 of 415; less than 1 percent). Samples of the copepods and 7 of the mortalities with copepods were sent to the U.S. Fish and Wildlife Service, Lower Columbia River Fish Health Center, in Willard, Washington. Five of the fish had no detectable levels of virus or bacteria tested for, but 2 fish tested positive for bacterial kidney disease (appendix A). The copepods examined by U.S. Fish and Wildlife Service staff were consistent with the genus Salmincola (Mary Peters, written commun., 2011).
Several observations were omitted prior to analysis. One wild fish with a fork length of 215 mm was omitted because it was more than 50 mm larger than any other fish captured and was likely not in the same year class as the others. Data from three hatchery fish and one wild fish that were never detected after release were omitted. Data from one wild fish and one hatchery fish that traveled continuously together near the temperature control tower and were suspected of being eaten by a predator were omitted. The environmental data from the 7 a.m. hour on May 25 were omitted because the data indicated that the discharge was 4,100 ft 3 /s, which was at least 1,560 ft 3 /s greater than the discharge in the adjacent hours. After omitting all these data, the analyses used 411 (415-4) hatchery fish and 26 (29-3) wild fish.
Environmental Conditions and Dam Operations
The dam operation differed before and after the reservoir was full. As the reservoir was being filled, the water elevation increased gradually and the depth of water over the top of the weir gates (head) ranged from 6.4 to 37.3 ft, with a median of 11.5 ft ( fig. 5 ). The weir gates were operated so that the upper series of three gates were at similar elevations and controlled head. Discharge varied little during this period (range 400-3,160 ft 3 /s, median 860 ft 3 /s) except for a sharp increase and decrease in head and discharge during a week-long test discharge period in late April. After the reservoir was full, the head ranged from 5.0 to 37.0 ft, but it was usually operated at a much larger head than when the reservoir was filling, with a median of 20.7 ft from May 13, 2011, to August 3, 2011. The head increased sharply from 16.1 to 37.0 ft between 5 p.m. and 8 p.m. on May 13, 2011, at the end of reservoir filling period. Total discharge ranged from 850 to 2,620 ft 3 /s with a median of 1,180 ft 3 /s after the reservoir was full. Water elevation increased during the reservoir filling period and varied little after the reservoir was full, except that it began to lower in late June. Water temperature increased steadily until early July, with the highest rate of increase after mid-June 2011.
Vertical water temperature profiles at comparable depths were similar near the boat restricted zone and near the release site ( fig. 6) . A thermocline was present between approximately 10 and 30 ft in depth, depending on the date. The water temperature profiles from the two reservoir sites generally were similar to the data from the sensors at the temperature control tower. 
Dam Passage and Movements within the Reservoir
The operational life of the transmitters determined empirically was greater than expected. Most dam passage occurred at night. Only 6 of the 55 known passage events occurred during the day ( fig. 7) . We do not know the time of passage for one wild fish known to have passed after the acoustic transmitter stopped working (it was detected by the PIT system at Willamette Falls Dam on July 11, 2011, at 7:37 a.m.).
A total of 49 of the 411 hatchery fish and 7 of the 26 wild fish are known to have passed the dam, including the one wild fish that passed the dam after its acoustic tag stopped operating and was detected by the PIT system at Willamette Falls Dam (last acoustic transmitter data from this fish was received 100 d post-release). This represents a total dam passage rate of 11.9 percent for hatchery fish (95-percent confidence interval 8.4-15.5 percent), and 26.9 percent for wild fish (95-percent confidence interval 3.6-50.2 percent). More conservative estimates, based on the 91-d expected tag life, are 46 of 411 hatchery fish for a passage rate of 11.2 percent (95-percent confidence interval 7.8-14.6 percent), and 4 of 26 wild fish for a passage rate of 15.4 percent (95-percent confidence interval -1.0-31.8 percent) during the follow-up period. 
Travel Time from Release to the Temperature Control Tower and Release to Dam Passage
Travel times of the first trip from release to the temperature control tower were similar for hatchery and wild fish. Travel times ranged from 0.6 to 76.6 d for hatchery fish and from 3.3 to 36.4 d for wild fish, with medians of 9.7 and 9.1 d for hatchery and wild fish, respectively ( fig. 8) . A total of 342 hatchery fish and 18 wild fish were detected near the temperature control tower.
The times from release to dam passage also were similar for hatchery and wild fish. The median times were 34.5 d for hatchery fish and 34.2 d for wild fish. Time from release to dam passage ranged from 2.5 to 94.6 d for hatchery fish and 17.2 to 110.2 d for wild fish. A total of 49 hatchery fish and 6 wild fish were detected passing the dam. As previously mentioned, one additional wild fish is known to have passed the dam after the acoustic transmitter stopped operating, because it was detected at the PIT system at Willamette Falls Dam on July 11, 2011, at 7:37 a.m. 
Probability of Presence near the Temperature Control Tower
The probabilities of presence at each array and at the temperature control tower were based on model-averaged estimates from a suite of models. The nine models included four models of presence probability, each with two models of detection probability (models 1 and 2 in table 3), and one model of common values across factors (table 4). Five of the nine models received a total of nearly 96 percent of the model weights. The model-averaged detection probabilities ranged from 0.959 (SE 0.012) to 1.000 (SE 0.000) for hatchery fish, and from 0.961 (SE 0.048) to 1.000 (SE 0.000) for wild fish.
The probability of being present decreased as the distance from the release site increased (fig. 9 ). The data and models moderately supported differences between hatchery and wild fish, as indicated by the QAICc differences of about 4 between models with and without origin as a factor (table 4). The estimated cumulative probability of fish presence at the temperature control tower at least once is 0.835 (SE 0.023) for hatchery fish and 0.665 (SE 0.086) for wild fish. Table 3 . Suite of models of detection probabilities for the analysis of presence probabilities, Cougar Dam, Oregon, 2011.
[Models of detection probability (P) include combinations of fish origin (hatchery, wild), array, and a common value fitted to all combinations of origin and array (.). All models shared a common presence probability model of a multiplicative combination of origin and array. Num. Par is number of parameters and + indicates an additive effect. A ĉ value of 1.551 was applied to the data] Table 4 . Suite of models used in estimation of presence probabilities, Cougar Dam, Oregon, 2011.
[Models of presence probability (M) include combinations of fish origin (hatchery, wild), array, and a common value fitted to all combinations of origin and array (.). Num. Par is number of parameters, + indicates an additive effect, and * indicates a multiplicative effect. A ĉ value of 1.551 was applied to the data]
Model QAICc
Delta QAICc
QAICc Weights
Model Likelihood
Num.
Par QDeviance 1 M(origin+array), P(origin+array) 2 M(origin+array), P(array) 3 M(array), P(array) 4 M(origin*array), P(origin+array) 5 M(origin*array), P(array) 6 M(origin), P(array) 7 M(.), P(origin+array) 8 M(.), P(array) 9 M(origin), P(origin+array) Figure 9. Cumulative probabilities (± 95-percent confidence interval) of being present at least once at reservoir arrays 1, 2, 3, and 5, and at arrays 6 and 7 near the temperature control tower, Cougar Dam, Oregon, 2011. Array 4 in the eastern arm of the reservoir was not used in this analysis because fish can migrate to the temperature control tower without passing that location.
Fish Depths near the Temperature Control Tower
Fish depths were estimated from three-dimensional positions of fish within 74 m of the face of the temperature control tower. An example of one 24-hour period of these data is shown in figure 10 . Depths of hatchery fish were slightly greater during the day than during the night. Data from the few wild fish available were too variable to determine patterns ( fig. 11 ). Hourly data points are averages of the average hourly depths of 130-218 hatchery fish and 3-11 wild fish. Hourly average depths ranged from 2.2 to 4.9 m for hatchery fish and 0.6 to 9.6 m for wild fish. The mean depths over all times were 3.6 m for hatchery fish and 3.4 m for wild fish. 
Movement Probabilities within the Reservoir
Results of analyses of transition probabilities between arrays in the reservoir indicate that fish movements were directional. Transition probabilities of hatchery and wild fish were estimated for 14 combinations of movements between adjacent reservoir arrays. Comparisons of models of the hypothesis that transition probabilities were a first-order Markov chain (random movement) or that transition probabilities depend on where a fish came from (a second-order Markov chain) indicate that, in all but 2 of the 32 possible cases, the second-order chain was supported. This indicates a high degree of directionality in fish movements within the reservoir. For example, there was a higher probability that both hatchery and wild fish moved downstream from array 1 to array 2 and then to array 3 (60-62 percent) than fish that moved downstream from array 1 to array 2 and then swam back upstream to array 1 (38-40 percent) (figs. 12 and 13). These results are consistent with movement patterns of fish within the reservoir, as shown for representative fish in figure 14 . The exception to the directional movements occurred when fish moved from the eastern arm of the reservoir (array 4), in which case they were equally likely to move upstream or downstream. Fish near the log boom at the boat restricted zone were much more likely to swim to array 7 at the temperature control tower (73-74 percent) than they were to swim upstream. They also were more likely to swim from the tower upstream to the forebay line and then turn back downstream and swim to the tower (60-65 percent) than they were to swim from the tower to the forebay line and then proceed farther upstream. In the 4,703 hatchery fish movements from array 5 to array 7, they passed the dam 1.04 percent of the time, while out of 226 similar movements for wild fish, 3.10 percent passed the dam. 
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Fish Behavior during the Reservoir Filling Period
Three of the 18 tagged wild fish detected within about 100 m of the temperature control tower (zone 6) during the reservoir filling period passed the dam. All three fish passed at night. Individual wild fish were in zone 6 from 2 to 11 times with a median of 3.5 times per fish, spending a cumulative time ranging from 1.0 h to 7.7 d, with a median of 29.4 h. Tagged wild fish spent from less than 1 min to 82.4 h during each visit in zone 6, with a median of 2.4 h per visit.
A total of 9 of the 232 tagged hatchery fish detected within about 100 m of the temperature control tower (zone 6) during the reservoir filling period passed the dam. Seven of the fish passed at night and two passed during the day. Individual hatchery fish spent a cumulative time of 0.2 to 24.2 d in zone 6, with a median of 25.8 h per fish. Individual fish made 1-87 trips into the zone, with a median of 4 trips per fish. Tagged hatchery fish spent from less than 1 min to 22.5 d during each visit in zone 6, with a median of 0.9 h per visit.
Fish Behavior After the Reservoir Was Full
Three of the eight tagged wild fish detected within about 100 m from the temperature control tower (zone 6) after the reservoir was full passed the dam. All three passed at night. Recall that three wild fish passed prior to the reservoir being full. Individual wild fish were in zone 6 from 1 to 36 times with a median of 12 times per fish, spending a cumulative time ranging from 0.2 h to 113.7 d there, with a median of 39.1 h. Tagged wild fish spent from 0.6 min to 113.7 d during each visit in zone 6, with a median of 1.6 h per visit.
A total of 40 of the 257 tagged hatchery fish detected within about 100 m from the temperature control tower (zone 6) after the reservoir was full passed the dam. Nine hatchery fish passed during the day and 31 passed at night. Tagged hatchery fish spent a cumulative time in zone 6 ranging from 0.2 h to 128.0 d, with a median of 40.9 h per fish. Individual fish made 1-82 trips into the zone, with a median of 11 trips per fish. Tagged hatchery fish spent from 0.3 min to 128.0 d during each visit in zone 6, with a median of 2.2 h per visit.
Fish Behavior During the Spring Test Discharge Period
There were not sufficient numbers of fish passing the dam during the spring test discharge period to warrant statistical analysis. Four hatchery fish and one wild fish passed the dam during the spring discharge test period. All fish passed the dam at night. Recall that, for the purpose of analysis, the spring test period includes pre-and post-test periods each equal to 50 percent of the duration of the test discharge period (the 267 h from April 15 at 6 a.m. to April 21 at 2 p.m.). Six wild fish and 84 hatchery fish were detected in zone 6 during this period. Individual wild fish were in zone 6 from 1 to 29 times with a median of 3.5 times per fish. Individual hatchery fish made 1-49 trips into the zone, with a median of 3 trips per fish. [Results are based on analysis of dam passage of tagged fish within four distances (in meters) from the temperature control tower, estimated from three-dimensional fish positions. Pr > ChiSq = probability of a larger Chi-Square value under the hypothesis that the estimate = 0, < is less than. Variables represent ranges of dam discharge bins in ft 3 /s (1,800 or more, 1,200 to < 1,800, 900 to < 1,200) and diel period (Diel, 0 = day, 1 = night). Hazard ratios of variables describing discharge are relative to dam passage rates during discharge of less than 900 ft 3 /s. "na" indicates that no fish passed during that discharge range. Each row is based on one degree of freedom] 
Discussion
Tagged juvenile Chinook salmon in Cougar Reservoir moved about the reservoir in a directed manner and were often present near the dam outlet, but conditions conducive to dam passage rarely were present. Most fish of hatchery or wild origin were within at least 100 m of the outlet at the temperature control tower at least once, but few had passed the dam by August 3, 2011. The rate of dam passage of fish near the temperature control tower was affected by dam discharge and diel period. The rates of dam passage did not change significantly until the dam discharge was at least 1,200 ft 3 /s; however, the discharge bins were chosen arbitrarily and the true threshold may differ from that value. The threshold evident in the data examined was common among datasets representing fish within various distances of the temperature control tower, ranging from 14 to 74 m. Dam passage rate also was much greater during the night than during the day, with the effect more pronounced as fish were closer to the dam. Additional data are needed to determine more definitively the factors affecting dam passage rate and the relations between those factors. The data used in this report represent dam operations occurring during the spring and summer, during which period the reservoir was filling or full.
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Conditions likely will differ as the reservoir elevation is reduced in preparation for storage to avert flooding downstream in winter.
Dam passage at other dams also is predominantly during the night when passage routes are not readily used. Lower Granite and Little Goose Dams on the Snake River in Washington State are examples of this pattern. Prior to the installation of spillway weirs at these sites, juvenile salmonid passage was often greater at night (Plumb and others, 2002; Perry and others, 2007) . Even after a spillway weir was present at Little Goose Dam in 2009, the passage rates of juvenile Chinook salmon through the juvenile bypass system were greater at night than during the day (Beeman and others, 2010) . The entrances of the juvenile bypass systems at Lower Granite and Little Goose Dams are much deeper than the entrances of the spillway weirs. Perry and others (2007) also reported that at Little Goose Dam, during periods without water passing through the Tainter gates at the spillway, it was common for juvenile salmonids to reach the dam and return upstream several times prior to passage. This is similar to the behaviors of fish in Cougar Reservoir, where fish traveled repeatedly from the release site near the head of the reservoir to the dam outlet and back again.
It is useful to consider fish passage at barriers in terms of the component processes of guidance, attraction, and passage (Castro-Santos and Haro, 2010) . Guidance is the process of getting fish near enough to the desired passage route that they can detect the existence of the route. Attraction is the process of getting fish close enough to the route that they will enter it, conditional on guidance. Passage is the process of retaining fish within a route once they enter it to result in passage rather than rejection, conditional on attraction. Safe passage through the route, or "conveyance", also is an important consideration (see Sweeney and others, 2007) , but may be of secondary importance if passage is not achieved (there was no evaluation of the survival of tagged fish passing the dam in this study). The data we examined indicate that fish guidance to within about 100 m of the dam (zone 6) outlet occurred often, but that fish passed the dam at a low rate. Data analysis based on fish position estimates near the temperature control tower suggests guidance and attraction were present, but passage was lacking.
There are many similarities in results from hatchery and wild yearling Chinook salmon, but little data from wild fish were available for analysis. The probability of presence near the temperature control tower was slightly lower for wild fish than hatchery fish, but the estimates for wild fish were imprecise because of the small sample size. The lower probability of presence at the tower for wild fish also may have been affected by fish condition prior to tagging, since pre-and post-tagging mortalities of wild fish were higher than for hatchery fish. The water depths of the two groups were similar when within 74 m of the temperature control tower, although the estimates for wild fish are imprecise due to the small sample size. The passage rates of the two groups also are similar, although once again the estimate for wild fish is imprecise. A comprehensive comparison of hatchery and wild fish will require more data from wild fish.
Data from fish positions near the temperature control tower can be analyzed further and should be compared to results of numerical models of water velocities near the tower. The depths of fish near the tower are similar to the water depth over the weir gates, but passage rates are low. Examining predicted water velocities and vectors along with fish paths may help determine the water velocities required to entrain juvenile Chinook salmon, which will be needed for the design of a successful juvenile fish collection device. The COE has already developed a computational fluid dynamics model of the reservoir that could be used for this purpose. The tagged fish commonly were present throughout the 74-m-radius semicircular area upstream from the tower ( fig. 4 ) used in the current analysis.
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This report is an interim summary of the data collected as of August 3, 2011, for use by fishery managers and other interested parties in considering future research needs. Data from the fish released during spring 2011 were still being collected in August 2011. Based on the data and models examined, there is little evidence to suggest a difference between hatchery and wild yearling Chinook salmon in migration within the reservoir, probability of presence at the temperature control tower, or percentage of fish passing the dam. However, more data from wild fish are needed to better evaluate these questions. Tagged fish were commonly moving throughout the reservoir and were often near the face of the temperature control tower. The rate of dam passage was positively related to dam discharge rate, but little change in dam passage rate occurred at discharge rates of less than 1,200 ft 3 /s. Most dam passage occurred at night.
